The properties of two new Tl -atom defects with orthorhombic symmetry ([1TO], [001], [110])and which occur together with the mell-known Tl (1) center are studied in KC1:T1C1 and NaC1:T1C1 using electron-spin-resonance and optical-absorption techniques. On the basis of their production and their thermal and optical properties and taking into account the results of the hyperfine-interaction analysis it is concluded that these centers consist essentially of a Tl atom on an anion site (possibly perturbed by one or more cation vacancies), and that their production involves a site switching of the Tl atom in the Tl (1) center. A Jahn-Teller distortion determines the symmetry of these defects and yields a ground-state p orbital oriented along a (110) direction. Similar site-switched models were proposed earlier for orthorhombic In and axial Ga centers in KC1, and it is shown that these centers possess many features in common with the orthorhombic Tl centers. One of the latter centers is optically very stable and forms the dominant defect in NaC1:T1C1 while it is not produced in KC1. Optical-absorption bands at 430 and 560 nm are attributed to this center.
I. INTRODUCTION
During the last few years a number of centers have been extensively studied in weakly and heavily Tl+-doped alkali halides that have been exposed to ionizing radiation.
One of those defects, namely the so-called Tl (1) center, is laser active. From an ESR analysis in KCI, ' RbC1, KBr, and NaC1, it was determined that the Tl (1) center consists of a Tl atom on a cation site, associated with an anion vacancy in a nearest-neighbor position along a (100) axis. Its luminescence properties near 1.5 ]Ltm have been reported in many alkali halides. ' A mode-locked laser around 1.5 p, m has been constructed using the Tlo(1) center in KC1 and the 1. 064-] ]tm emission of a Nd:YAG laser (where YAG denotes yttrium-aluminum-garnet} was employed as a pump source. ' Because the laser activity of the Tl (1) may be interfered with by the presence of other Tl-related defects, a considerable effort has been spent recently to identify their structures and properties using a variety of experimental techniques.
In the heavily Tl-doped alkali halides several dimer and trimer centers, such as T12+ (110) Fig. 1 the defect structure of the primary electron trap M (0) (M = Tl, In, or Ga), '2'3 and also the models of the M (1}and M (2) (2) defects (M=Ga, In, or Tl) Table I ). The p and A values are compared in Table II to the corresponding values of Tl (1) The small concentration of the Tlo(ortho, I) defect, which is observed in NaC1 immediately after a long x irradiation of about 90 min at RT or at higher temperatures up to 350 K, can be increased considerably in several ways. This will be discussed in the next paragraph. It follows from our experiments that the Tl (ortho, I) defect is never produced in total absence of Tl (1) centers. This implies that a direct production below 260 K is impossible, since in NaC1 the anion vacancies necessary to produce the Tl (1) centers are not mobile at those temperatures.
The most efficient way to produce a strong Tl (ortho, I) concentration is an x irradiation at RT, followed by a short (+2 min) annealing to 420 K. The pulse-anneal experiment above RT, given in Fig. 4 (ortho) with In (ortho) snd Ga (axial) In Table III the g parameters of the Tl (ortho) defect in NaC1 and KC1 are compared with the same parameters of the In (ortho) and Ga (axial) centers in KC1. ' The In (ortho) center possesses the same symmetry as described in Sec. II for the orthorhombic Tlo defects.
Since for the Ga (axial) defect an averaging motion in a I 100I plane is proposed as the origin for the axial symmetry of the ESR spectrum, one can calculate' the g parameters for the static orthorhombic defect in an axial approximation and these are given in Table III 
